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(54) REACTANCE FORMING METHOD OF IC 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a reactance 
forming method through which an IC in high degree of 
integration and in large reactance can be realized. 
SOLUTION: A ground conductive film 14 possessed of 
the same pattern with a planar coil is formed on an IC 
board 12, and then a first photoresist film 16 is formed 
on the base conductive film 14. In succession, the first 
photoresist film 1 6 is subjected to plasma ashing, 
whereby the surface layer of the first photoresist film 16 
is modified, and a second photoresist film 20 is formed 
on the modified film 18 of the first photoresist film 16. 
Furthermore, the first and the second photoresist film, 
1 6 and 20, are patterned to provide an opening of a 
pattern identical to the predetermined planar pattern of 
a planar coil, whereby a groove-shaped opening 22 of 
pattern which reaches the conductive film 14 
penetrating through the photoresist films 20, 1 8, and 1 6 
and is T-shaped in cross section on a plane that 
crosses the lengthwise center line of the pattern at right 
angles is formed, and the base conductive film 14 inside the opening is plated with the metal 24 
for the formation of a planar coil. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which forms the substrate electric conduction film which has the same 
pattern as the predetermined flat-surface pattern of a flat-surface mold coil in case a reactance 
is formed into IC by the flat-surface mold coil component formed on IC substrate on a semi- 
conductor substrate, The process which forms the 1st photoresist film on the substrate electric 
conduction film, and the process which plasma ashing is performed [ process ] to the 1st 
photoresist film, and deteriorates the surface of the 1st photoresist film. Patterning of the 1st 
and 2nd photoresist film is carried out by the process and the predetermined flat-surface 
pattern of a flat-surface mold coil which form the 2nd photoresist film on the deterioration film 
of the 1st photoresist film, and the same pattern. The reactance formation approach of IC 
characterized by having the process which forms groove opening which has the opening cross 
section of the letter of the abbreviation for T characters in the field which penetrates the 
photoresist film, and reaches the electric conduction film, and intersects perpendicularly with the 
longitudinal direction center line of a pattern, and the process which plates a metal on the 
substrate electric conduction film in opening. 

[Claim 2] At the process which forms the 2nd photoresist film on the deterioration film of the 
1st photoresist film, then, the deterioration film formation process which plasma ashing is 
performed [ formation process ] to the 2nd photoresist film, and deteriorates the surface of the 
2nd photoresist film further, The reactance formation approach of IC according to claim 1 
characterized by having the photoresist film formation process and ** which form the 3rd 
photoresist film on the deterioration film of the 2nd photoresist film, and repeating a 
deterioration film formation process and a photoresist film formation process the number of 
predetermined times. 

[Claim 3] The reactance formation approach of IC according to claim 1 which IC substrate is 
formed with a compound semiconductor, and is characterized by IC being a monolithic 
microwave integrated circuit. 

[Claim 4] The reactance formation approach of IC according to claim 3 characterized by using 
TiAu for the substrate electric conduction film, and using Au for a metal. 



[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the reactance formation approach of IC devised 
so that it might be made for a short circuit not to arise between ****** coils in the coil of a coil, 
and it and the reactance of a big value might be formed about the reactance formation approach 
of IC on the occasion of formation of the flat-surface mold coil component which constitutes a 
reactance in a detail further. 
[0002] 

[Description of the Prior Art] A monolithic microwave integrated circuit (simply henceforth 
MMIC) is a microwave integrated circuit collectively formed on semi-conductor substrates, such 
as Ga As and Si, by the active element and passive element which constitute a microwave 
integrated circuit. The reactance which is one of the circuit properties of MMIC is usually 
constituted by the flat-surface mold coil which plated and obtained Au on the semi-conductor 
substrate according to the predetermined pattern. 

[0003] Here, the reactance formation approach with the conventional flat-surface mold coil is 
explained. Drawing 3 is a substrate sectional view for every process at the time of forming a 
flat-surface mold coil. As shown in drawing 3 (a), the pattern of the flat-surface mold coil of a 
request flat-surface configuration is followed, and it is the half-insulation Ga As. The substrate 
electric conduction film 34 for plating which consists of TiAu is formed on a substrate 32. 
Subsequently, as shown in drawing 3 (b), the photoresist film 36 is applied and formed, 
subsequently to the pattern of a flat-surface mold coil, patterning is carried out with phot 
lithography, and the groove opening 38 is formed. Then, as shown in drawing 3 (c), Au plating 40 
is performed and a flat-surface mold coil is formed. The pattern of a flat-surface mold coil has 
the Miranda form or the spiral form shown in drawing 4 (b), as it is arbitrary, for example, is 
shown in drawing 4 (a). Moreover, there are various flat-surface configurations, such as a square 
shape and a round shape, also in a spiral form. 
[0004] 

[Problem(s) to be Solved by the Invention] However, by the conventional reactance formation 
approach, when Au plating was performed, the pattern control of plating by the side of a 
photoresist film front face was very difficult technically, therefore as shown in drawing 5 , Au 
deposit contacted coil coil 42A between ****** coil coil 42B, and there was a problem that an 
electric short circuit arose. If spacing (S shown by drawing 5 ) of coil coil 42A and coil coil 42B 
tends to be enlarged and it is going to solve this problem, a component degree of integration will 
fall and high integration and detailed-izing of MMIC will become difficult. Moreover, there is a 
problem of a reactance value with a flat-surface mold coil as another problem. As one approach 
of enlarging the value of a reactance, thickness of the direction which intersects perpendicularly 
with the substrate of a flat-surface mold coil is thickened, and there is a method of passing a big 
current. However, by the conventional reactance formation approach, there was a problem 
[ acquire / by this approach / a big reactance ] of being technical very difficult. That is, even if 
it is going to thicken thickness of the photoresist film by the conventional reactance formation 
approach, in case a photoresist ingredient is applied on a substrate, it is difficult [ in order / in 
order to enlarge the reactance of MMIC therefore / to thicken thickness of a flat-surface mold 
coil, it is necessary to thicken thickness of the photoresist film and to plate Au thickly, and / it ] 
for a photoresist ingredient to flow into a perimeter and to thicken the photoresist film for the 
fluidity. Therefore, there was a problem which says that thickness of a flat-surface mold coil 
cannot thicken as a request. 

[0005] Then, it is offering the reactance formation approach IC of the object of this invention 

which has a big reactance value being realizable highly [ a degree of integration ]. 

[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the reactance 
formation approach of IC concerning this invention The process which forms the substrate 
electric conduction film which has the same pattern as the predetermined flat-surface pattern of 
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a flat-surface mold coil in case a reactance is formed into IC by the flat-surface mold coil 
component formed on IC substrate on a semi-conductor substrate, The process which forms the 
1st photoresist film on the substrate electric conduction film, and the process which plasma 
ashing is performed [ process ] to the 1st photoresist film, and deteriorates the surface of the 
1st photoresist film, Patterning of the 1st and 2nd photoresist film is carried out by the process 
and the predetermined flat-surface pattern of a flat-surface mold coil which form the 2nd 
-photoresist film on the deterioration film of the 1st photoresist film, and the same pattern. It is 
characterized by having the process which forms groove opening which has the opening cross 
section of the letter of the abbreviation for T characters in the field which penetrates the 
photoresist film, and reaches the electric conduction film, and intersects perpendicularly with the 
longitudinal direction center line of a pattern, and the process which plates a metal on the 
substrate electric conduction film in opening. 

[0007] As long as the photoresist film used by this invention approach has the property to 
deteriorate by plasma ashing, there is no constraint in the ingredient and a photoresist ingredient 
in ordinary use can be used. The ingredient of the 2nd photoresist film is the same as the 
ingredient of the 1st photoresist film. Plasma ashing performed by this invention is 02. Gas and 
CF4 Gas etc. can be made into reactant gas and it can carry out using known plasma ashing 
devices, such as a parallel plate mold plasma ashing device and a downstream mold plasma 
ashing device. The time amount which plasma ashing takes is time amount taken for the surface 
of the photoresist film to deteriorate, and is usually about 30 seconds. There is no configuration 
of the flat-surface mold coil formed by this invention approach, for example, constraint has a 
Miranda form or a spiral form. Moreover, there are various flat-surface configurations, such as a 
square shape and a round shape, also in the configuration of a Miranda form and a spiral form. 
[0008] By this invention approach, according to an above-mentioned process, dissolution delay 
arises in the interface of the photoresist film which deteriorated, and the photoresist film on it, 
and, thereby, thickness of the photoresist film can be thickened. Furthermore, when are 
explained and phot lithography is applied to the photoresist film which consisted of multilayers of 
the photoresist film with which the surface deteriorated, and the normal photoresist film on it, 
Since the development rate of the photoresist film with which the surface deteriorated is slower 
than the development rate of the normal photoresist film on it, in the normal photoresist film 
From opening in the photoresist film with which the surface deteriorated, opening with a big 
cross-section dimension carries out opening, and the slot of a T character-like cross-section 
dimension is formed exactly. Consequently, when metal plating is performed, what a metal 
deposit overflows outside from opening and contacts the next metal deposit like before is lost. 
[0009] Moreover, by this invention approach, the process which forms the 2nd photoresist film 
on the deterioration film of the 1st photoresist film is followed. Furthermore, the deterioration 
film formation process which plasma ashing is performed [ formation process ] to the 2nd 
photoresist film, and deteriorates the surface of the 2nd photoresist film, Have the photoresist 
film formation process which forms the 3rd photoresist film on the deterioration film of the 2nd 
photoresist film, and a deterioration film formation process and a photoresist film formation 
process are repeated the number of predetermined times. On the lower layer photoresist film 
which deteriorated, another photoresist film can be formed and the photoresist film with thick 
thickness can be formed. 

[0010] reactance formation of the monolithic microwave integrated circuit in which this invention 
approach could be applied when a flat-surface mold coil was formed on IC substrate, and IC 
substrate was especially formed with the compound semiconductor — suitable — for example, a 
semi-conductor substrate — Ga As the substrate electric conduction film — TiAu — plating — 
public funds — Au is used for a group. 
[0011] 

[Embodiment of the Invention] With reference to an accompanying drawing, an example is given 
to below and the gestalt of operation of this invention is explained to it at concrete and a detail. 
Example this example is Ga As as one of the circuit elements of MMIC. It is the example which 
applied the reactance formation approach of IC concerning this invention to the process which 
forms a flat-surface mold coil on a substrate, and forms a reactance into IC by this. First, as 
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shown in drawin g 1 (a), it is the half-insulation Ga As. The substrate electric conduction film 14 
which consists of TiAu on a substrate 12 is formed by sputtering etc., subsequently the 
substrate electric conduction film 14 is etched, and patterning is carried out to the same flat- 
surface pattern as the request flat-surface pattern of a flat-surface mold coil. 
[0012] Subsequently, as shown in drawing 1 (b), the 1st layer photoresist film 16 is applied and 
formed on the substrate electric conduction film 14 which carried out patterning. Then, plasma 
ashing is performed and the surface of the 1st layer photoresist film 16 is made to convert into 
the deterioration film 18, as shown in drawing 1 (c). For example, a parallel plate mold plasma 
ashing device or a downstream mold plasma ashing device is used for plasma ashing, for example, 
it performs it on the following conditions. 

pressure: — 0.6Torr temperature: — 100-150-degreeC reactant gas: — 02 150sccm or CF4 
SOsccmRF output: — 150W hour: — 30 — sec [0013] Next, as shown in drawing 2 (d), the 2nd 
layer photoresist film 20 is applied and formed on the 1st layer photoresist film 16 which 
deteriorated. The sum of the thickness of the 1 st layer photoresist film 1 6 and the 2nd layer 
photoresist film is thickness almost equal to the thickness of the flat-surface mold coil to form, 
usually, the thickness — 1-3 micrometers it is . Furthermore, the 1st layer photoresist film 16 is 
formed in a multistage layer to form a thick flat-surface mold coil. That is, the 1st layer 
photoresist film 16 of the bottom is applied, and it forms, and plasma ashing is performed 
continuously, and a surface is deteriorated. Subsequently, the 1st layer photoresist film 16 of the 
2nd step is applied, and it forms, and plasma ashing is performed continuously, and a surface is 
deteriorated. Such a process is repeated until the 1st layer photoresist film 16 becomes desired 
thickness. 

[0014] Next, patterning of the 2nd layer photoresist film 20 and the 1st layer photoresist film 16 
is carried out to a predetermined pattern with the phot lithography which uses ultraviolet-rays 
exposure. Consequently, as shown in drawing 2 (e), the 2nd layer photoresist film 20 and the 1st 
photoresist film 16 are penetrated, the substrate electric conduction film 14 is reached, and it 
has the cross section of the letter of the abbreviation for T characters in the field which 
intersects perpendicularly with the longitudinal direction center line of a pattern, and the groove 
opening 22 of the same pattern as a flat-surface mold coil component carries out opening. 
Subsequently, be shown in drawing 2 (f). On the substrate electric conduction film 14 in a slot 
22, a metal, for example, Au, is plated and the flat-surface mold coil 24 is formed. 
[0015] In this example, since the development rate of the 1st layer photoresist film 16 with 
which the surface deteriorated is slower than the development rate of the normal photoresist 
film 20 on it, in the normal photoresist film 20, the opening 22 with a big cross-section dimension 
carries out opening, and the slot of a T character-like cross-section dimension is exactly formed 
from opening in the 1st layer photoresist film 16. Consequently, when Au plating is performed, 
what it overflows outside from opening 22 and contacts the next Au deposit like before is lost. 
Therefore, in this example, since spacing of the winding of the flat-surface mold coil 24 can be 
made small, MMIC with a high degree of integration is realizable. Moreover, since thickness of the 
1st layer photoresist film 16 can be thickened if needed, a flat-surface mold coil with thick 
thickness can be formed, and the reactance of a big value by this can be formed. 
[0016] 

[Effect of the Invention] The process which forms the 1st photoresist film on the substrate 
electric conduction film in case according to this invention approach a flat-surface mold coil 
component is formed on IC substrate and this forms a reactance into IC, The process which 
plasma ashing is performed [ process ] to the 1 st photoresist film, and deteriorates the surface 
of the 1st photoresist film, The process which forms the 2nd photoresist film on the 
deterioration film of the 1st photoresist film, The process which forms groove opening which has 
the opening cross section of the letter of the abbreviation for T characters in the field which 
carries out patterning of the 1st and 2nd photoresist film, and carries out opening by the same 
pattern as the predetermined flat-surface pattern of a flat-surface mold coil, and intersects 
perpendicularly with the longitudinal direction center line of a pattern. By having the process 
which plates a metal and forms a flat-surface mold coil on the substrate electric conduction film 
in opening, it is a high degree of integration, and the reactance of a big value can be formed. 
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According to this invention approach, the short circuit between reactances is prevented by 
forming groove opening which has the opening cross section of the letter of the abbreviation for 
T characters into the photoresist film using the difference in the development rate of the 
multilayer photoresist film, and preventing abnormality growth of metal plating. If this invention 
approach is applied, the yield of IC product can be raised. Moreover, since thick-film-izing of the 
photoresist film and extensive cross-sectional-areaHzation can attain a high reactance value 
and the configuration of metal plating can be controlled by the guide effectiveness of the still 
thicker photoresist film, the reactance by which the value was stabilized can be formed and 
quality improves, this invention approach is applicable suitable for the reactance formation 
process of IC, especially a monolithic microwave integrated circuit. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the notional sectional view showing the substrate cross section for every 
process at the time of (c) enforcing this invention approach, respectively from drawing 1 (a). 
[Drawing 2] It is the notional sectional view showing the substrate cross section for every 
process at the time of (f) enforcing this invention approach following on drawing 1 (c), 
respectively from drawing 2 (d). 

[Drawing 3] It is the notional sectional view showing the substrate cross section for every 
process at the time of (c) enforcing the conventional approach, respectively from drawing 3 (a). 
[Drawing 4] Drawing 4 (a) and (b) are drawings which illustrate the configuration of a flat-surface 
mold coil, respectively. 

[Drawing 5] It is a substrate sectional view explaining the short pass produced when a flat- 
surface mold coil is formed by the conventional approach. 
[Description of Notations] 

12 .... Half-insulation Ga As A substrate, 14 [ .. The deterioration film, 20 / .. The 2nd layer 
photoresist film, 22 / .. Opening, 24 / .. A flat-surface mold coil, 32 / .. Half-insulation Ga As / A 
substrate, 34 / .. Opening, 40Au plating. / .. The electric conduction film for plating, 36 .. The 
photoresist film, 38 ] .. The substrate electric conduction film, 16 .. The 1st layer photoresist film, 
18 
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[Drawing 5] 




[Drawing 1] 
(a) 




[Drawing 2] 
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[Drawing 3] 
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[Drawing 4] 
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